Significance of comorbid psychological stress and depression on outcomes after cardiac rehabilitation by Kachur, Sergey et al.
Accepted Manuscript
Significance of Comorbid Psychological Stress and Depression on Outcomes after
Cardiac Rehabilitation
Sergey Kachur, MD, Arthur R. Menezes, MD, Alban De Schutter, MD, Richard V.
Milani, MD, Carl J. Lavie, MD
PII: S0002-9343(16)30731-8
DOI: 10.1016/j.amjmed.2016.07.006
Reference: AJM 13617
To appear in: The American Journal of Medicine
Received Date: 2 June 2016
Revised Date: 4 July 2016
Accepted Date: 5 July 2016
Please cite this article as: Kachur S, Menezes AR, De Schutter A, Milani RV, Lavie CJ, Significance
of Comorbid Psychological Stress and Depression on Outcomes after Cardiac Rehabilitation, The
American Journal of Medicine (2016), doi: 10.1016/j.amjmed.2016.07.006.
This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Significance of Comorbid Psychological Stress and Depression on Outcomes 
after Cardiac Rehabilitation  
 
Sergey Kachur, MD^, Arthur R. Menezes, MD*, Alban De Schutter, MD*, Richard V. Milani, 
MD*, Carl J. Lavie, MD* 
 
 
 
^Ocala Regional Medical Center, Ocala, Florida 
*Department of Cardiovascular Diseases, John Ochsner Heart and Vascular Institute 
Ochsner Clinical School- The University of Queensland School of Medicine, New Orleans, 
Louisiana 
 
 
Corresponding author:  Carl J. Lavie, M.D., FACC, FACP, FCCP 
Medical Director, Cardiac Rehabilitation and Prevention 
Director, Exercise Laboratories  
John Ochsner Heart and Vascular Institute Ochsner Clinical School-The University of 
Queensland School of Medicine1514 Jefferson Highway New Orleans, LA  70121-2483 
(504) 842-5874 Phone 
(504) 842-5875 Fax  
Email: clavie@ochsner.org 
Funding: None 
All authors had access to this data and a role in writing this manuscript. Each author has declared 
no conflicts of interest with regard to this published work. 
Keywords: cardiac rehabilitation; psychological stress; depression; mortality  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Abstract 
 
Background: Depression is associated with increased mortality in stable coronary heart disease. 
Cardiac rehabilitation and exercise training has been shown to decrease depression, 
psychological stress and mortality after a coronary heart disease event.  The presence of 
depression at completion of cardiac rehabilitation and exercise training is associated with 
increased mortality.  However, it is unknown if depression with comorbid psychological risk 
factors, such anxiety and/or hostility, confer an additional mortality disadvantage. We evaluated 
the mortality effect of anxiety and/or hostility on depression after cardiac rehabilitation and 
exercise training. 
Patients and Methods: We studied 1150 patients with coronary heart disease following major 
coronary heart disease events who had completed formal cardiac rehabilitation and exercise 
training. Using Kellner questionnaires, stress levels were measured in one of three domains: 
anxiety, hostility and depression (with an aggregated overall psychological stress score) and 
divided into 3 groups: non-depressed (n=1072), depression alone (n=18), depression with anxiety 
and/or hostility (n=60). Subjects were analyzed for all-cause mortality over 161 months of 
follow-up (mean 6.4 years) by National Death Index. 
Results: Depression after cardiac rehabilitation was not common (6.8%; mortality 20.8%) but 
when present, frequently associated with either anxiety or hostility (77% of depressed patients; 
mortality 22.0%). After adjustment for age, gender, ejection fraction, and baseline peak oxygen 
consumption, depression alone (HR 1.73, p = 0.04), as well as depression with comorbid 
psychological stress was associated with higher mortality (HR 1.98, p = 0.03). Furthermore our 
data showed an increased mortality when both anxiety and hostility were present in addition to 
depression after cardiac rehabilitation (HR 2.41, p=0.04).  
Conclusions: After cardiac rehabilitation, depression, when present, is usually associated with 
other forms of psychological stress which confers additional mortality. More measures are 
needed to address psychological stress after cardiac rehabilitation. 
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Introduction 
There is a large body of literature demonstrating the association between psychological risk 
factors, including depression, anxiety, hostility, and cardiovascular disease1.  In fact, 
psychological stress is a known independent risk factor for mortality in patients with coronary 
heart disease2,3.  These findings were supported in the INTERHEART study, a large multi-
national study, involving 29,972 individuals from 52 countries, which sought to evaluate the 
strength of association between various cardiovascular disease risk factors and first myocardial 
infarction.  Psychosocial risk factors, which included depression and psychological stress, 
accounted for 33% of the population attributable risk and increased the odds of first myocardial 
infarction  by 3-fold4.   
Regular exercise training has been associated with significant reductions in cardiovascular 
disease events, cardiovascular disease mortality, and all-cause mortality5. There is also 
substantial evidence to suggest that cardiac rehabilitation exercise training programs result in 
notable reductions in depressive symptoms, anxiety, hostility, overall psychological stress6,7,8, 
and improves the mortality risk associated with adverse psychological risk9.  
Despite the various benefits of cardiac rehabilitation and exercise training programs, it has been 
demonstrated that those patients who remained depressed following cardiac rehabilitation had a 
4-fold increase in mortality when compared to those individuals who were not depressed 
following cardiac rehabilitation10.  Furthermore, patients who did not show improvement in their 
exercise capacity after cardiac rehabilitation (assessed by peak oxygen consumption) also had a 
high prevalence of depression and higher mortality risk.  However, either mild (<10%) or 
marked (>10%) improvement in peak oxygen consumption following cardiac rehabilitation was 
associated with significantly reduced prevalence of depression, as well as mortality risk.  We 
have previously shown that following cardiac rehabilitation, the presence of anxiety, hostility, or 
both in addition to depression, may amplify the mortality risk of depression alone11; however, 
statistical significance was not reached in the comorbid depression groups, likely owing to the 
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smaller sample sizes.  The goal of this study is to assess the mortality effect of comorbid 
psychological stress (anxiety, hostility, or both) symptoms on patients with symptoms of 
depression following cardiac rehabilitation.   
  
Methods 
Case records of 1,150 patients, who completed our 36-week formal phase II cardiac 
rehabilitation and exercise training program, were retrospectively reviewed. The subjects were 
referred to cardiac rehabilitation following major coronary heart disease events [after a coronary 
artery bypass graft (30%), a myocardial infarction (14%) or a percutaneous coronary intervention 
(42%)].  
A lipid panel, high-sensitivity C-reactive protein (hs-CRP), and peak oxygen consumption on 
cardiopulmonary exercise testing were recorded before and after cardiac rehabilitation.  2D 
echocardiography was performed prior to enrollment in cardiac rehabilitation. 
Symptoms of depression, anxiety, and hostility were measured using validated Kellner Symptom 
Questionnaires (SQ) once before and once after completion of the program. This SQ was chosen 
for its test-retest and split-half reliability, as well as its ability to provide separate scores for 
anxiety, hostility, and depressive symptoms based on a 92-item, self-reported, validated 
questionnaire12. A depression score ≥7 and an anxiety and hostility score ≥8 indicated a 
significant level of psychological stress in these respective domains. An aggregate score was 
calculated to determine the total level of psychological stress or psychological stress score.  
None of the subjects were on antidepressant medications or receiving psychotherapy at the time 
of enrolment or for the duration of this study. After completion of the cardiac rehabilitation 
program, the patients were divided into 3 groups based on their psychological stress status: no 
depression (n = 1072), depression alone (n = 18), and depression with anxiety and/or hostility (n 
= 60). Mortality was analyzed over a mean of 6.4-year follow-up using the National Death Index. 
The study was approved by the Institutional Review Board at Ochsner Medical Center, New 
Orleans, LA.  
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Protocol 
The protocol and data collection were utilized as previously described. At post-cardiac 
rehabilitation baseline age, sex, height, weight, body mass index, ejection fraction, fasting 
plasma lipids, glucose, and hs-CRP were measured. A cardiopulmonary exercise test was also 
performed to determine peak oxygen consumption.  Patients underwent phase II cardiac 
rehabilitation which consisted of 36 educational and exercise sessions over the span of 12 weeks. 
Patients were encouraged to follow a modified American Heart Association step II diet in a 
collaborative, multidisciplinary approach. The parameters were again measured within 1 week of 
completion of the cardiac rehabilitation program.  
 
Statistical Analysis 
Baseline analyses were reported as mean ± standard deviation (SD) or frequencies expressed as 
percentages. Multiple group comparisons between baseline variables were performed using 1-
way analysis of variance (ANOVA). P-values < 0.05 were considered statistically significant.  
In isolation, depression (N=18), anxiety (N=3), and hostility (N=18) after cardiac rehabilitation 
were relatively rare. Due to the large proportion of psychological stress comorbidity, our 
approach to assessing the dose-response relationship was two-pronged; used 
anxiety/hostility/depression as a set of nominal variables that established cohorts with variable 
disease burden, the second approach was to aggregate all patients by the psychological stress 
score and analyze as a continuous variable. 
Logistic regression and Cox proportional hazard modelling were used to perform multivariate 
regression analysis. Kaplan-Meier curves were used to plot survival over time. SAS 9.0 (SAS, 
Inc., Cary, NC) and R x64 v3.2.3 software were used for statistical analysis. 
Results 
Subgroup Characteristics after Cardiac Rehabilitation 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
After cardiac rehabilitation, the study population was subdivided into 3 groups:  no 
psychological stress, depression alone, and comorbid depression (depression with anxiety and/or 
hostility) (Table 1).  While depression after cardiac rehabilitation was relatively rare, it was 
frequently associated with other symptoms of psychological stress.  With the exception of overall 
lower ejection fraction, and higher fasting blood glucose among the “depression-alone” and 
“comorbid depression” groups, there were no statistically significant differences in other baseline 
variables (Table 1).    
 
Impact of Psychosocial Stress Comorbidities on Mortality  
Univariate analysis revealed that comorbid depression had a significantly higher mortality risk 
than depression alone when compared to patients without psychological co-morbidities [HR 1.3, 
p = 0.7 for depression alone, and HR 2.42, p = 0.02 for comorbid depression (Figure 1)]. After 
adjusting for age, gender, baseline peak oxygen consumption, body mass index, and ejection 
fraction (other independent predictors of mortality), depressed patients as a group had a 
significant association with higher mortality (HR 1.73, p = 0.04; Table 2A). The presence of 
anxiety or hostility after cardiac rehabilitation was not independently associated with increased 
mortality (HR 1.53 and HR 1.44, respectively, p > 0.05). Importantly, the presence of depression 
with comorbid psychological stress after cardiac rehabilitation also had a significant association 
with higher mortality (HR 1.98; p = 0.03; Table 2B). In addition, a cumulative burden of 
psychological stressors after cardiac rehabilitation was noted, as a step-wise increase in the 
adjusted risk of death, which reached significance among patients who had all 3 comorbid 
psychological illnesses (HR 2.49, p = 0.04;Table 2C). When post-cardiac rehabilitation peak 
oxygen consumption was substituted for baseline peak oxygen consumption in the analysis, the 
effect of comorbid depression on mortality was no longer significant (HR = 1.17, p = 0.64; Table 
3A). Finally, logistic regression was used to assess factors associated with post-cardiac 
rehabilitation depression. Both baseline peak oxygen consumption and change in peak oxygen 
consumption after cardiac rehabilitation had significant associations with the prevalence of post-
cardiac rehabilitation depression (Table 3B). 
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Discussion 
Post-cardiac rehabilitation characteristics of patients with depression differed with respect to 
lower ejection fraction and higher fasting blood sugar. These findings reaffirm already 
established links between depression and heart failure (20%-40% prevalence of depression in the 
heart failure population vs 6-7% prevalence of depression in the general population), as well as 
the correlation between depression and poor glycemic control13,14,15.  
The link between depression and higher risk of mortality is not surprising, as depression is 
prevalent among coronary heart disease patients and has repeatedly been linked with adverse 
cardiovascular outcomes16, including increased cardiovascular disease morbidity and mortality17.  
The lack of significant association between isolated depression and mortality in the univariate 
analysis is likely due to limited testing power secondary to the low number of individuals (18) 
and deaths (3) in this group rather than due to an absence of effect.  However, in the univariate 
analysis, the trend towards higher mortality is still preserved. 
Multiple studies have shown that other facets of psychological stress, namely anxiety and 
hostility/anger, have been associated with an increased risk of cardiovascular disease, 
independent of traditional cardiovascular disease risk factors and depression18, and confer 
increased risks of myocardial infarction or death among patients with established cardiovascular 
disease19,20. Our data suggests that while depression after cardiac rehabilitation is rare, when 
present, it is often associated with other psychological stress.  Furthermore, comorbid depression 
is associated with an even higher mortality when compared to isolated depression after cardiac 
rehabilitation. Given the high probability of the presence of comorbid psychological stress, if 
depression is present after cardiac rehabilitation, we attempted to gauge if there was an additive 
association with mortality risk by de-identifying the three psychological stress (depression, 
anxiety, and hostility) and summing them as equally weighted illnesses (Table 2C), as well as 
gauging the effects of increasing psychological stress score, a separate surrogate for assessing 
psychological stress burden. Stratifying psychological stress burden by the number of illnesses 
irrespective of depression shows that mortality effects aggregate with increasing psychological 
stress even after the benefits of cardiac rehabilitation and exercise training. Interestingly, 
although the psychological stress score constitutes an aggregate scoring system for psychological 
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morbidity, its relationship with mortality was not as strong as that of the discrete additive effects 
of each comorbidity. Discerning a dose-response relationship between psychological stress and 
mortality has been the subject of several studies using the General Health Questionnaire (GHQ-
12) in non-cardiovascular populations. Robinson et al found a positive relationship using cohorts 
based on the GHQ-12, Puustinen et al found a significant increase in mortality for each point of 
the GHQ-12, and Russ et al found a progressive increase in risk while using the GHQ-12 scoring 
system as a continuous variable21,22,23,24. These studies do suggest the presence of a dose-
response relationship between psychological stress and mortality, even when questionnaire 
points were used as a continuum of morbidity. Our discrepancy between discrete and continuous 
measures of psychological stress may result from a nonlinear relationship of psychological stress 
score to mortality; and by dividing the components of the psychological stress score into discrete 
disease states, the larger trends become visible – this was the case with several of the GHQ-12 
based studies cited above22,20. Although it is plausible that a dose-response relationship does not 
exist, a wealth of data supports its presence in both retrospective studies and meta-analyses, and 
there is little reason to assume that the post-cardiac rehabilitation population would alter such 
relationships. 
Lastly, it has been established that formal cardiac rehabilitation and exercise training  
(irrespective of age, sex, or body composition) increases aerobic capacity, and improves survival 
and prognosis22 through a variety of effects that include improved diabetic glucose control, better 
autonomic function, less hypertension, and reductions in psychological stress9,25,26,27,28. This data 
shows that despite the benefits of cardiac rehabilitation and exercise training, depression 
continues to significantly impact mortality. In this cohort, even though baseline peak oxygen 
consumption was similar between populations, post-cardiac rehabilitation peak oxygen 
consumption was significantly lower in the depressed population (not shown), and when 
included in multi-variate analysis, confounded the effects of depression on mortality (Table 3A). 
Further exploration of this relationship by dissecting factors that are associated with the presence 
of depression showed that both baseline peak oxygen consumption and change in peak oxygen 
consumption during cardiac rehabilitation (which add up to post-cardiac rehabilitation peak 
oxygen consumption) are significant modifiers of post-cardiac rehabilitation depression and 
explain the interactions in our multi-variate analyses. Furthermore, these findings support prior 
findings of an inverse relationship between psychological stress symptom severity and 
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cardiorespiratory fitness29. 
 
Mechanisms of Psychosocial Stress effects on Mortality 
Effects of psychological stress can be both direct and indirect. Its been shown that acute 
psychological stress can be associated with myocardial ischemia even in the absence of disease30, 
concurrently such stress has been associated with an inflammatory response and cortisol release 
which also increases cardiovascular risks31,32. Indirectly, this association may be mediated by 
behavioral and lifestyle factors, such as decreased physical inactivity, poor dietary choices, and 
smoking33.  
Limitations 
Limitations of this study include single-center referral. Furthermore, data on socio-economic 
status and full medical history are unavailable. Finally, these analyses are retrospective, 
indicating associations rather than causation. Despite these limitations, correlation of our 
findings with previously published information suggests that associations between psychological 
stress morbidity post cardiac rehabilitation mortality are robust. 
 
Conclusion 
Although the presence of depression after completion of cardiac rehabilitation is relatively rare, 
when present, it is usually associated with other forms of psychological stress.  This data 
indicates that even after cardiac rehabilitation and exercise training, the degree of psychological 
comorbidity significantly impacts survival.  Based on this, it may be beneficial to assess 
coronary heart disease patients for psychological risk factors before and after cardiac 
rehabilitation in order to identify patients with higher mortality risk and find ways to improve 
response to cardiac rehabilitation in those with high burdens of psychological stress. Further 
studies are warranted to determine whether alternative interventions directed at psychological 
stress above and beyond regular cardiac rehabilitation and exercise training, as recently 
suggested, would alter prognosis in these patients34.       
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Table 1:  Patient Characteristics After Cardiac Rehabilitation Among the Psychological Stress 
Subgroups 
 
  
BMI, kg/m2 28.7 ± 5.2 28.3 ± 7.9 29.8 ± 6.7 NS
Body Fat, % 26.8 ± 7.8 26.7 ± 7.6 26.3 ± 7.5 NS
Lean Mass Index, kg/m2 20.8 ± 3.1 20.5 ± 5.0 21.6 ± 3.4 NS
Age, years 72.1 ± 10.4 72.7 ± 7.8 69.2 ± 11.9 NS
Total cholesterol, mg/dL 153.7 ± 35.5 141.7 ± 28.1 153.3 ± 40.5 NS
HDL, mg/dL 43.7 ± 11.9 42.9 ± 8.5 41.6 ± 14.3 NS
LDL, mg/dL 86.1 ± 30.4 75.5 ± 16.1 87.2 ± 31.6 NS
Triglycerides, mg/dL 122.1 ± 84.6 115.4 ± 65.7 126.6 ± 59.1 NS
C-reactive protein, mg/dL 3.4 ± 5.9 5.3 ± 7.8 3.2 ± 2.8 NS
Fasting blood sugar, mg/dL 111.3 ± 32.3 101.5 ± 13.6 122.9 ± 46.4 0.01
Ejection fraction, % 54.6 ± 11.6 56.6 ± 8.9 49.7 ± 15.7 0.01
Peak Flow O2, cc/kg/min 17.9 ± 5.5 15.9 ± 5.8 17.5 ± 5.7 NS
Anxiety (points) 2.0 ± 2.7 4.7 ± 2.2 12.6 ± 4.2 <0.001
Depression (points) 1.3 ± 1.8 9.0 ± 1.1 12.4 ± 3.5 <0.001
Hostlity (points) 1.3 ± 2.2 2.7 ± 2.1 9.2 ± 5.3 <0.001
Psychosocial Stress 4.6 ± 5.7 16.4 ± 3.5 34.2 ± 9.3 <0.001
Anxiety (%) <0.001
Depression (%) <0.001
Hostility (%) <0.001
% Male NS
% Hypertensives NS
% Diabetics NS
% Smoking NS
%Married NS
%Mortality NS14% 17% 22%
TABLE1: Baseline Characteristics after Cardiac Rehab
0%
0% 90%
p-val
78% 75%
100% 100%
35% 44% 38%
No Psychosocial 
Stress
N = 1072
2%
6%
72% 60% 85%
Isolated Depression Comorbid 
Depression
N = 18 N = 60
73% 61% 78%
0% 58%
16% 42% 20%
84%
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Table 2 A-C:  Multivariate Analysis for Adjusted Predictors of Mortality in a Post-Cardiac 
Rehabilitation Population 
  
 
 
  
HR p-val
No PS Illness -- -- -- --
One illness 0.936 0.512 1.714 0.8
Two illnesses 1.502 0.722 3.127 0.3
3 Illnesses 2.41 1.02 5.71 0.05
Age 0.99 0.97 1.01 0.19
Gender M vs F 1.36 0.93 2.00 0.1
Baseline peak VO2 0.85 0.81 0.88 <0.001
Body Mass Index 0.95 0.91 0.98 0.0
Ejection Fraction (%) 0.98 0.97 0.99 <0.001
TABLE 2 C
Adjusted Mortality for Number of Comorbidities
95% CI
HR p-val
Depression vs none 1.73 1.01 2.94 0.04
Age 1.05 1.03 1.08 <0.001
Gender M vs F 1.14 0.78 1.68 0.49
Baseline peak VO2 0.90 0.86 0.94 <0.001
Body Mass Index 0.99 0.96 1.03 0.677
Ejection Fraction (%) 0.98 0.97 0.99 <0.001
Adjusted Mortality For Depression
95% CI
TABLE 2 A
HR p-val
Comorbid Depression 1.98 1.08 3.61 0.03
Age 1.05 1.03 1.08 <0.001
Gender M vs F 1.12 0.77 1.65 0.6
Baseline peak VO2 0.90 0.86 0.94 <0.001
Body Mass Index 0.99 0.95 1.03 0.6
Ejection Fraction (%) 0.98 0.97 0.99 <0.001
TABLE 2 B
Adjusted Mortality For Comorbid Depression
95% CI
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Table 3: Multivariate Analysis Including Comorbid Depression Using Post-Cardiac 
Rehabilitation Peak Oxygen Consumption (VO2)  
  
HR p-val
Comorbid Depression 1.17 0.62 2.19 0.6
Age 0.98 0.96 1.00 0.01
Gender M vs F 1.72 1.17 2.53 0.01
Post-CR peak VO2 0.83 0.79 0.86 <0.001
Body Mass Index 0.94 0.91 0.97 0.001
Ejection Fraction (%) 0.98 0.97 0.99 0.001
Adjusted Effects of Post-CR VO2 and Comorbid 
Depression on Mortality
95% CI
TABLE 3 A
OR T-stat P-val
(Intercept) 1.10 0.99 1.23 1.8 0.07
Baseline Anxiety 1.05 1.01 1.10 2.3 0.02
Baseline Depression 1.24 1.18 1.30 9.0 <0.001
Baseline Hostility 1.03 1.00 1.07 2.2 0.03
Age (Years) 1.00 1.00 1.00 -0.8 0.45
High Baseline VO2 0.97 0.94 1.00 -2.0 0.04
VO2 improvement >0 0.96 0.93 1.00 -2.2 0.03
95% CI
TABLE 3 B
Adjusted Predictors of Post-CR Depression
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BMI, kg/m2 28.7 ± 5.2 28.3 ± 7.9 29.8 ± 6.7 NS
Body Fat, % 26.8 ± 7.8 26.7 ± 7.6 26.3 ± 7.5 NS
Lean Mass Index, kg/m2 20.8 ± 3.1 20.5 ± 5.0 21.6 ± 3.4 NS
Age, years 72.1 ± 10.4 72.7 ± 7.8 69.2 ± 11.9 NS
Total cholesterol, mg/dL 153.7 ± 35.5 141.7 ± 28.1 153.3 ± 40.5 NS
HDL, mg/dL 43.7 ± 11.9 42.9 ± 8.5 41.6 ± 14.3 NS
LDL, mg/dL 86.1 ± 30.4 75.5 ± 16.1 87.2 ± 31.6 NS
Triglycerides, mg/dL 122.1 ± 84.6 115.4 ± 65.7 126.6 ± 59.1 NS
C-reactive protein, mg/dL 3.4 ± 5.9 5.3 ± 7.8 3.2 ± 2.8 NS
Fasting blood sugar, mg/dL 111.3 ± 32.3 101.5 ± 13.6 122.9 ± 46.4 0.01
Ejection fraction, % 54.6 ± 11.6 56.6 ± 8.9 49.7 ± 15.7 0.01
Peak Flow O2, cc/kg/min 17.9 ± 5.5 15.9 ± 5.8 17.5 ± 5.7 NS
Anxiety (points) 2.0 ± 2.7 4.7 ± 2.2 12.6 ± 4.2 <0.001
Depression (points) 1.3 ± 1.8 9.0 ± 1.1 12.4 ± 3.5 <0.001
Hostlity (points) 1.3 ± 2.2 2.7 ± 2.1 9.2 ± 5.3 <0.001
Psychosocial Stress 4.6 ± 5.7 16.4 ± 3.5 34.2 ± 9.3 <0.001
Anxiety (%) <0.001
Depression (%) <0.001
Hostility (%) <0.001
% Male NS
% Hypertensives NS
% Diabetics NS
% Smoking NS
%Married NS
%Mortality NS
TABLE1: Baseline Characteristics after Cardiac Rehab
No 
Psychosocial 
Isolated 
Depression
Comorbid 
Depression p-val
N = 1072 N = 18 N = 60
6% 0% 90%
0% 100% 100%
2% 0% 58%
73% 61% 78%
84% 78% 75%
35% 44% 38%
14% 17% 22%
16% 42% 20%
72% 60% 85%
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
HR p-val
Depression vs none 1.73 1.01 2.94 0.04
Age 1.05 1.03 1.08 <0.001
Gender M vs F 1.14 0.78 1.68 0.5
Baseline peak VO2 0.90 0.86 0.94 <0.001
Body Mass Index 0.99 0.96 1.03 0.7
Ejection Fraction (%) 0.98 0.97 0.99 <0.001
TABLE 2 A
Adjusted Mortality For Depression
95% CI
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
HR p-val
Comorbid Depression 1.98 1.08 3.61 0.03
Age 1.05 1.03 1.08 <0.001
Gender M vs F 1.12 0.77 1.65 0.6
Baseline peak VO2 0.90 0.86 0.94 <0.001
Body Mass Index 0.99 0.95 1.03 0.6
Ejection Fraction (%) 0.98 0.97 0.99 <0.001
TABLE 2 B
Adjusted Mortality For Comorbid Depression
95% CI
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
HR p-val
No PS Illness -- -- -- --
One illness 0.94 0.51 1.71 0.8
Two illnesses 1.50 0.72 3.13 0.3
3 Illnesses 2.41 1.02 5.71 0.046
Age 0.99 0.97 1.01 0.2
Gender M vs F 1.36 0.93 2.00 0.1
Baseline peak VO2 0.85 0.81 0.88 <0.001
Body Mass Index 0.95 0.91 0.98 0.004
Ejection Fraction (%) 0.98 0.97 0.99 <0.001
TABLE 2 C
Adjusted Mortality for Number of Comorbidities
95% CI
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
HR p-val
Comorbid Depression 1.17 0.62 2.19 0.6
Age 0.98 0.96 1.00 0.01
Gender M vs F 1.72 1.17 2.53 0.01
Post-CR peak VO2 0.83 0.79 0.86 <0.001
Body Mass Index 0.94 0.91 0.97 0.001
Ejection Fraction (%) 0.98 0.97 0.99 0.001
Table 3A
Post-CR depression and mortality
95% CI
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
OR T-stat P-val
(Intercept) 1.10 0.99 1.23 1.8 0.07
Baseline Anxiety 1.05 1.01 1.10 2.3 0.02
Baseline Depression 1.24 1.18 1.30 9.0 <0.001
Baseline Hostility 1.03 1.00 1.07 2.2 0.03
Age (Years) 1.00 1.00 1.00 -0.8 0.5
High Baseline VO2 0.97 0.94 1.00 -2.0 0.04
VO2 improvement >0 0.96 0.93 1.00 -2.2 0.03
TABLE 3 B
Adjusted Predictors of Post-CR Depression
95% CI
M
AN
US
CR
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T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
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CR
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AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Clinical significance: 
o Despite being rare, depression after cardiac rehabilitation is associated with higher mortality. 
o Depression with psychosocial comorbidity is associated with a higher mortality risk than depression alone 
o Cumulative psychosocial stress is associated with increasing mortality in adjusted multi-variate models 
o An interaction between change in peak oxygen consumption and the presence of depression suggests that 
reducing depressive symptoms and improving fitness would reduce subsequent mortality. 
